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Modified bioluminescent proteins and their 



use 



This invention relates to bioluminescent proteins, 
in particular it relates to bioluminescent proteins 
which have been modified, for example by chemical means 
or by genetic engineering. Such modified bioluminescent 
proteins, hereinafter referred to as "rainbow proteins", 
may be used in the detection and quantification of 
cells, microbes such as bacteria, viruses and protozoa, 
and substances of biological interest such as 
substrates, metabolites, intra- and extra- cellular 
signals, enzymes, antigens, antibodies and nucleic acids. 

Bioluminescence is the oxidation of an organic 
molecule, the "luciferin", by oxygen or one of its 
metabolites, to emit light. The reaction is catalysed by 
a protein, usually known as a " lucif erase" , or a 
"photoprotein" when the luciferin is so tightly or 
covalently bound to the luciferase that it does not 
diffuse off into the surrounding fluid. 
O2+ luciferin + lucif erase —» oxyluciferin + light 
(or O2 or H2O2) (or photoprotein) 

no to three other substances nay also be reauired to 
be present in order to generate light, or to alter its 
colour, and they are as follov/s:- 

(a) A cation such as , Ca^*, Mg^^ ^r a transition 
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metal such as Cu^/Cu^"^, Fe^'^/Fe"^"*" . 

(b) A cof actor such as NADH , FMI3 , or ATP. 

(c) A fluor as an energy transfer acceptor. 

Five chemical families of luciferin have been 
identified so far (see Figure 1 of the attached drawing) 

(a) Aldehydes (found in bacteria, freshwater limpet 
Latia and earthworms). 

(b) Iraidazolopyrazines (found in Sarconast igophora , 
Cnidaria, Ctenophora, some Arthropbda, some Mollusca, 
sone Chorda ta ) . 

(c) Benzothiazole (found in beetles such as 
fireflies and glowworms). 

(d) Linear te trapy rroles (found in d inof lagellates , 
euphasiid shrimp, some fish). 

(e) Flavins (found in bacteria, fungi, polychaete 
worms and some molluscs). 

Reactions involving these luciferins nay result in 
the emission of violet, blue, blue-green, green, yellow 
or red light and occasionally UV or IR light and such 
emission may or may not be linearly or circularly 
polarised. Reference is directed to Chemi luminescence 
principles and applications in biology and medicine, 
A.K. Campbell, publ. 1988 Horwood/VCH Chichester 
Weinheim, for further discussion of bioluminescent 
reactions. 

It has now been found that the light emitted from a 
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bioluminescent reaction involving a nodified 
bioluninescent or "rainbow" protein, may be changed in 
intensity, colour or polarisation. Such a change can 
then be used in various assays for detecting, locating 
and neasuring cells, microbes and biological molecules. 

In this instance, the cell or substance causes a 
physical or chemical change, such as phosphorylation, to 
a rainbow protein such as a genetically engineered 
luciferase, resulting in a change in intensity, colour 
or polarisation of the light emission. The 
bioluminescent reaction is triggered by adding, for 
examole, the luciferin, and modification of the 
luciferase by the cell or substance being measured 
causes the reaction to emit light at a shorter or 
longer wavelength. This enables specific reactions to 
be detected and quantified in live cells, and within 
organelles or on the inner or outer surface of the 
plasma membrane, without the need to break them open, 
and without the need for separation of bound and unbound 
fractions. 

According to one aspect of the invention there is 
provided a bioluminescent protein capable of taking part 
in a bioluminescent reaction to produce light or 
radiation of altered characteristics under different 
physical, chemical, biochemical or biological 

cond it ions . 
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The rainbow protein may be produced by the 
alteration, substitution, addition or removal of one or 
more amino acids from the end of or within the 
luciferase or p hotoprotein . As a result the light 
emission from the oxyluciferih may be of different 
colours or different states of polarisation depending on 
the physical or chemical conditions. A change in colour 
to another part of the rainbow spectrum may be induced 
by : 

(a) A change in cation concentration such as H , Ca 
Mg , or transition metal. 

(b) A change in anion concentration such as CI or 
phosphate. 

(c) Covalent modification of the new protein by 
enzymes causing phospho- or dephosphory lat ion (including 
ser/thr, his, and tyr kinases and phosphatases) 
transglutamination, proteolysis, ADP ribosylation, gly- 
or glu-cosylation, halogenat ion , oxidation, methylation 
and my rist ilat ion . 

(d) Binding to the rainbow protein of an antigen, 
an intracellular signal such as cyclic AMP, cyclic GMP, 
Ip3, lp4, diacyl glycerol, ATP, ADP, AMP, GTP , any oxy 
or deoxyribonucloside or nucleotide, a substrate, a 
drug, a nucleic acid, a gene regulator protein. 

(e) Expression of its nucleic acid inside a live 
1 , , . or regulation 

cell, as v.ell as its nodificat ion /within the cell by 
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gene expression such as promoters, enhancers or oncogenes. 

Single or multiple mutations and deletions nay be 
detected in a piece of DMA (eg a PCR product) by linking 
the "rainbow protein" to one end of the DNA and an 
energy transfer acceptor or quencher to the other end. 
nuclease attack at the nutation will separate the 
rainbow protein from the acceptor or quencher and thus 
cause a change in intensity, colour or polarisation of 
the light emission. 

.Such alteration, substitution, addition or removal of 
one or more amino acids nay be achieved by chenical 
means. Alteration of an acid includes alkylation (eg. 
nethylation), phosphorylation and various other covalent 
modifications of the type outlined herein. 
Alternatively the nucleic acid coding for the luciferase 
or photoprotein nay be altered by modifying, 
substituting, inserting or deleting one or more 
nucleotides such that the resulting protein has gained 
or lost a site which interacts with the cations, anions, 
intracellular signal, covalent modification; proteins or 
nucleic acid to be measured. The insertion or deletion 
of nucleotides is normally produced by site directed 
mutagenesis or by opening up the gene with a specific 
restriction enzyme, inserting or deleting a selected 
nucleotide sequence and then sealing up of the gene 
again or using specific primers with the polymerase 
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chain reaction. The nucleic acid is then transcribed to 
mRMA and this is then translated to forn the rainbow 
protein either inside a bacterial or eukaryotic cell, or 
in vitro using, for example, rabbit reticulocyte lysate. 
The new nucleic acid nay contain an RNA polymerase 
promoter such as T7 , SP6 , or mammalian promoters such as 
actin, myosin, myelin proteins, MtlT-V, SV40, antibody, 
G6P dehydrogenase, and can be amplified in vitro using 
the polymerase chain reaction. The result is that the 
rainbow protein can be produced either in a live cell 
such as a cancer cell, or without cells using enzymatic 
reactions in vitro . The addition of tissue specific 
promoter or enhancer sequences to the 5' or 3" end of 
the d:JA coding for the native or altered bioluminescent 
protein will enable it to be used as a reporter gene and 
to be expressed specifically in a particular cell or 
tissue, the expression being detectable by the 
appearance of a change in light intensity, colour or 
polarisation . 

Another way of producing the DMA for a rainbow 
protein is to separate into two halves the original Dt7A 
for the bioluninescent protein. A piece of DMA or gene 
is then inserted between the two halves by ligating one 
half to the 5' end and the other to the 3" end. 
Alternatively the rainbow protein DNA could be generated 
using the polymerase chain reaction so that the sense 
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priner had one part of the rainbow protein DNA linked at 
5' end and the antisense primer and the other part 
linked at the 3' end (i.e. antisense). The pieces of DiJA 
or gene of interest, in the middle, could be from two 
separate genes. For example one could code for an energy 
transfer protein, the other for a biolurrinescent 
protein. Only when the two are linked together via a 
peptide (from DNA/RHA) will the rainbow protein be 
generated and a shift in colour occur. The energy 
transfer protein could be any fluor bound covalently or 
non-covalently to the protein, for example the green 
fluorescent protein from Aequorea, Cbelia, P.enilla or 
other cnidarians, or the blue or yellow fluorescent 
protein from luminous bacteria, or a f lavoprotein , or a 
phyobiloprotein. The whole protein or just the 
fluorescent denain may be used. The biolumineseent 
protein would be any lucif erase for example bacterial, 
firefly, glowworm or copepod, or any photoprotein for 
example aeguorin, obelin or a radiolarin such as 
thalassicollin. 

The protein or its DNA or RNA may be incorporated 
into a live bacterium or eukaryoti.c cell by using a 
virus, plasmid, calcium phosphate transf ect ion , 
electroporation, liposome fusion or membrane pore forming 
proteins. Once inside, only live cells with the 
appropriate biochemistry will produce the "rainbow 
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effect". By incorporating the "rainbow protein" gene 
into an embryo, oocyte, sperm, seed or seedling a 
transgenic animal or plant may be produced, enabling 
gene expression, cell regulation, drug action, or cell 
damage to be located and measured in individual organs 
using the "rainbov/ effect"* These new organisms may also 
be used in home aquaria, on aeroplane runways, as safe 
lights at sea, and as house plants, 

The rainbow protein may also be incorporated in a 
different part of the cell by chemical means or 
genetically engineering the protein to contain a signal 
peptide which locates it to the inner or outer surface 
of the plasma membrane or within a particular 
intracellular organelle (e.g. peroxisome, 

mitochondrion, chloroplast, endoplasmic reticulum, gplgi, 
secretory vesicle, nucleus or endosome. 

Addition of a signal peptide, either chemically or 
by genetic enginering, will enable the normal or altered 
luciferase or photoprotein to be targetted into a 
specific organelle within the cell, or onto the inner or 
outer surface of the plasma membrane. For example the 
sequence MLSRLSLRLLSRYLL at the M terminus will locate 
the bioluminescent protein in the mitochondria, and 
KKSALLALflYVCPGKADKE on the N terminus will target the 
protein to the endoplasmic reticulum, a KDEL sequence at 
the C terminus retaining it there. 
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The initial luciferase or photoprotein or its gene 
may cone fron any of the known chenistries in 
bioluminescence (see Figure 1) or fron the wide range of 
uncharacterised luninous organisms fron nore than 700 
genera representing at least 16 phyla. The luciferin 
may be synthesised chenically and added to the 
biological reaction or cell to generate light. 
Aternatively, the gene coding for the enzynes 
responsible for making the luciferin nay be linked to 
the "rainbow protein" gene so that the artificial operon 
or fusion gene expresses both rainbow protein and nakes 
luciferin in the live cell from nornal cell constituents 
such as amino acids. 

According to a second aspect of the invention there 
is provided a method of producing a b ioluminescent 
protein by altering, subs t i tu t ing , add i ng or deleting 
one or more amino acids to the protein by chemical 
means or by genetically engineering the nucleic acid 
coding for the protein. 

According to a further aspect of the invention 
there is provided nucleic acid coding for the 
bioluninescent protein as hereinbefore defined. 

The rainbow protein, or the nucleic acid coding for 
it, may be used in a range of biological investigations; 
such as:- 

(a) Detection, location and measurement of microbes 
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(protozoa, bacteria, viruses). 

(b) Detection and location of cancer cells. 

(c) Measurement of enzynes, intracellular signalling 
and other turnover reactions in cells or fluids. 

(d) DtIA and RtTA binding assays. 

(e) Inimunoassay and other protein binding assays. 
The rainbow proteins and their parent nucleic 

acids also may be used in genetic engineering, in the 
development of transgenic animals, plants and microbes, 
and in horticulture. 

According to yet a further aspect of the invention 
there is provided the use of a rainbov/ protein, or the 
nucleic acid coding for the rainbow protein, for the 
detection, location or measurement of substances of 
biological interest such as microbes, cells or 
biological molecules or reactions therein. 

In this aspect, the reaction or substances of 
biological interest are made to interact with the 
rainbow protein or its parent nucleic acid. Such 
interactions include direct or indirect linking such as 
non-covalent or covalent binding as well as energy 
transfer processes. 

Although the invention has been described above it 
is to be understood that it includes any inventive 
combination of the features set out above or in the 
following description. 
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The invention may be performed in various ways and 
will be further described with reference to the 
follov/inq examples: 



EXAMPLE 1 

Detect ion of p hosp horvlat ion of a ra inbow protein 
The. peptide leu a rg arg ala ser leu gly, known as 
kempt ide, or RTKRSCSVYEPLKT knov/n as malantide was 
covalently linked to firefly luciferase using disuccinyl 
suberate at pH8 • Addition of 125 ul protein kinase A + 
cyclic An? (200 ull) + 125 uM ATP caused phosphorylation 
of the kemptide, now attached to the luciferase. The 
resulting shift in colour from yellow-green to red at pH 
7.8 or from red to yellow-green at pH 6,5, measured as a 
ratio in a dual wavelength c hemi lumi nome t e r , enabled the 
rate of protein phosphorylation by the kinase to be 
assayed, and dep hosp hory lat ion induced by phoschatase to 
be assayed subsequently by the reversal of the ratio* 
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EXAMPLE 2 



Enaineerina Fireflv Luclferase 



cDNA coding for firefly luciferase was amplified using 
the polymerase chain reaction (PGR) using 5' sense primers 
with a T7 RNA polymerase promoter, and 3* antisense primers 
as follows : Primer code in brackets 
5 ' sense primers 

(10 5) CACCTAATACGACTCACTATAGGGAGAATGGAAGACGCCAAAAAC 

(107) AGAACTGCCTGCCGCAGATTCTCGCA 

(110) ATGCTGTCCCGGCTGTCCCTGCGGCTGCTGTCCCGGTACCTGCTGAAGACGC 
CAAAAAC 

(111) CACCTAATACGACTCACTATAGGGAGAATGCTGTCCCGGCTGTCC 
3 ' antisense primers 

(100) TCTCGCTGAATACAGTTAC 

(106) CCCCAAGCTTAGATCTCTCTGATTTTTCTTGCGT 

(108) TGCGAGAATCTGCGGCAGGCAGTTCT 

The following firefly luciferase cDNA's were 
constructed using primers, in brackets: 

(a) full length (105+100) 

(b) - 36bp i.e. missing peroxisomal signal peptide (105 + 106) 

(c) protein kinase A site (RRXS) in middle of protein 
(step 1: 105 + 108 and 107 + 100; step 2:2 halves from 
step 1+105+100) 

(d) mitochondrial signal at N terminus (step 1:110 + 100; 
step 2: step 1 sample + 111 100). 
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The PGR reaction in 50 ul contained 10 mM Tris pH 8.3, 

0.01% gelatin, 0.4U Taq polymerase, 2 mM MgClj , 0.2 mM each 

dATP, dGTP, dTTP, dCTP, 0.5 Of each primer, 1 ul DNA (ca 

1-100 ng) . The reaction, covered with 50 ul mineral oil, 

was incubated in a Perkin-Elmer thermal cycler for 25 cycles: 

94 °C 1 minute, 55 °C 1 minute, 72 °C 2 minutes + 5 seconds 

extension on each cycle, then for 30 minutes at 37 °C with 

1U E.coli DNA polymerase (Klenow fragment) . 

Successful PGR was confirmed by a band on agarose gel 

electrophoresis. The cDNA was purified by centricon to remove 

primers, and precipitated in 70% ethanol, 0.7 mM NH^ acetate 

after extraction with buffered phenol: GHCI3: secondary amyl 

alcohol (25:24:1). The DNA (0.5-1 ug dissolved in lOmM Tris 

0.1 or 1 mM EDTA pH 7.4-7.5) was transcribed in the T7 RNA 

polymerase in buffer containing 40 mM Tris, pH 7.4-7.5, 6mM 

MgCl2, 10 mM dithiothreitol , O.lmg/ml bovine serum albumin, 

2 mM spermidine, 0.5 mM each ATP, CTP , UTP, 0.1 mM OTP, 0 . 5 mM 

cap m7 G(5') ppp (5') G, 1000 U RNAsin/ml, 800 U T7 RNA 

32P 

polymerase ± 2 uC, UTP for up to 4 hours (1-2 hours 

optimal), at 37 °C. The reaction was stopped in the ice cold 
phenol: CHCI3: secondary amyl alcohol (25:24:1), and the RNA 
precipitated in 70% ethanol + 0.7M NH^Ac , and stored at -20''C. 

The RNA was centrifuged, redissolved in 20 ul 70 mM 
Tris, 1 mM EDTA pH 7.4-7.5 and 1 ul incubated with 5-10 ul 
rabbit reticulocyte lysate for 1 hour at 30 "C to synthesize 
the lucif erase. Lucif erase, after dilution, 1,^100 is assayed 
for light emission directly in 50 mM tris, 10 mM MgAc2 , 0.1 
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mg/ml bovine serum albumin, 0.1-0.2 mM luciferin, 0.5-5 mM 
ATP, pH 7.8, or isolated by isoelectric focusing. The mutant 
(RRXS) luciferase has a pi of ca 7 . 1 or 6 . 8 , and the normal 
lucif erase pi ca 6.8. The luciferase with mitochondrial 
signal also separated from the normal luciferase. On addition 
of the rabbit reticulocyte lysate containing this altered 
luciferase it was taken up by added mitochondria, as shown 
by centrifugation and light emission from the mitochondria 
and luciferase. 

Phosphorylation of the RRXS containing luciferase with 
protein kinase A, cyclic AMP (0.2 mM) , ATP (0.1 - 1 mM) pH7 , 
caused the luciferase to change its pi back towards 6.8, 
and to shift its colour. The RRXS luciferase had a greener 
light emission than the native luciferase detected using a 
dual wavelength chemiluminometer with interference filters 
(maximum transmission ca 5 45 and 60 3 mM) . 

Primers containing kemptide nucleotide sense or 
antisense sequence (LRRASLG) or malantide RTKRSGSVYEPLKI 
were also added either to N or C terminus using a one or two 
step PGR reaction. These also produced luciferase which 
could be phosphorylated thereby altering its intensity and 



colour 
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CX AMPLE 3_ 
Preparation of eng ineered aeouor in 
cDMA or genomic coding for the Ca^"** -activated 
photoprotein was PCP/d in a similar way to that for 
firefly luciferase* Using one or two step PGR the 
protein kinase A recognition peptide kenptide (LRPvLALG) 
or malantide (as Example 2) was added to the U 
terminus. The mutant aequorin had different kinetic 
properties enabling protein kinase A to be detected by 
phosphorylat ing the altered aequorin (above). 

normal aequorin primers =5* sense TAATACGACTCA 
CTATAGGGGAGAGAATGGTCAAGGTTTACATCAGACTTCGAC , and 3 ' 

ant.isense GAATTCTTAGGGGACAGCTCCACCGTA . For insertion of 
kemptide at the N terminus the nucleotide sequence 
equivalent to LRRASLG was attached to the first 15 bases 
(including ATG) of the 5' end of aequorin. In step 2, 
the T7 RtJA polymerase promoter was added to form 
the kempt ide-aequorin In v i tro for iH vitro 
phosphorylation. Genomic aequorin DUA (made by PGR) was 
at least as active as that made from mRIJA by reverse 
transcriptase PGR. 

EXAflPLE 4_ 
Detect ion of cancer cells in blood 
A blood sample (1 ml) is mixed with a suspension of 
liposomes containing mRNA coding for a rainbov/ protein 
catalysing the benzot hiazole reaction c in Figure 1. 
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This mRUA was produced as follows :- 

The gene coding for firefly luciferase was first 
isolated fron a cDMA library in E. coli using pCDVl 
plasmid oriner + Honjo linker containing SP6 RNA 
polymerase promoter, a nucleotide sequence 
GCTCGTCTTATTCAAGATAATGAATATACTGCTCGTTTTGGT 
representing the phosphorylation site for tyrosine 
kinase activity of the myc oncogene was inserted at the 
EcoRI restriction site 30 base pairs downstrean from the 
ATG at the 5' end. The DMA was resealed, recloned and 
the plasmid insert transcribed by SP6 rua polymerase in 
Zltro to produce nRtlA for the rainbow protein. The 
original protein produced yellow-green light but the 
rainbow protein when phosphorylated in the cell produces 
red light. Thus the presence of cancer cells was 
detected in blood sample from a leukaemia patient by 
neasuring the ratio of yellow-green (545 nm) to red (603 
nm) light in a dual wavelength cherai luminometsr . 

EXAMPLE 5^ 
Detection of Salmonella 
The cDNA for the rainbow protein in Example 4 
containing SP6 RHA polymerase promoter was inserted into 
salmonella phage. Addition of this phage to Salmonella 
resulted in expression of the rainbow protein and the 
generation of red light, enabling as few as 1 bacterium 
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per 20 ml to be detected. 

EXAMPLE 15 
Detection of HIV RNA 
A sample (1 ml) of blood from a patient with AIDS 
was extracted with 4 M guanidium isot hiocyanate and the 
nucleic acid precipitated with ethanol/NH acetate. An 
oligonucleotide (10 ul, 1 uM ) labelled with a rainbow 
protein generated from the photoprotein obelin was added 
to 100 ul redissolved RMA at 50^C and the mixture cooled 
for 10 minutes at 0°C. The oligonucleotide was specific 
for a sequence in the HIV coat protein. Binding this to 
HIV RriA resulted in a shift in the light emission from 
the rainbow protein from light blue (475 nm) to blue 
(440 nm) . This was detected as a shift in the ratio of 
light emission at these two wavelengths in a dual 
p hotomul t iplier chemilumi nome ter . 

EXAMPLE 7 

Measurement of testosterone in blood 
Testosterone carboxyoxine is reacted with the 
rainbow protein from the photoprotein obelin to form a 
testosterone rainbow protein conjugate. 5ul of this 
containing 1 nmol was incubated with a solution of 
antibody labelled with fluorescein to testosterone 
(50ul) pH 7.4 for 30 minutes in the presence or absence 
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varying concentrations of standard testosterone. The 
bioluninescent reaction was triggered by addition of Ca 
and the ratio of light at 475 nm to 530 nn measured, 
increasing the concentration of standard testosterone 
increased the ratio at 475/530. This procedure could be 
carried out without the need to separate bound froo free 
antigen. 

EXAMPLE 8 
Detection of Listeria 
A sample of suspect food is boiled to extract DtlA. A 
sense primer to the specific Listeria gene or domain 
covalently coupled to obelin cDNA + 5P6 RNA polymerase 
pronotor and antisense primer covalently coupled to 
antisense green fluorescent protein (GFP) cDNA is used 
to amplify the Listeria gene using the polymerase chain 
reaction. The result is DMA coding for a new rainbow 
protein and transcribable by SP6 rma polymerase. 

Obelin Listeria GFP 
1 1 ^ ^ 

promoter cDNA gene cDNA 

This DNA is transcribed and the mRNA translated using 
rabbit reticulocyte lysate. Coelent^razine is added to 
reactivate obelin. The ratio of light at 510/475 nm for 
rainbow protein versus obelin alone is directly 
proportional to the amount of Listeria oriA originally 
present in the food sample. when no Listeria a. 



ire 
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present the ratio of ratios is 1. 



EXAMPL E 9 

Measurement of nucleic acid hybridisation bj. 
pola risat ion 

The reaction described in Example 5 was carried out 
but the light emission was detected in a dual 
photomultiplier cheniluninometer containing two plane 
polarised filters with the polarisation planes at 90" to 
each other. The ratio between the two p hotomult ipl iers 
was related to the anount of HIV RtiA present. 

EXAflPLC 10 
Measurenent of cycl ic AflP or Id3 
Using a two step PCR reaction as described in 
Exanples 2 and 3 , the cyclic AMP binding domain from the 
bacterial CAP protein or the Ip3 binding domain of the 
endoplasmic reticulum receptor ws added to the N or C 
terminus or into firefly luciferase or aequorin. The 
altered proteins were made in vitro from the PCP. DMA 
product as described in Examples 2 and 3, and 
characterised by activity and colour of light emission 
cyclic AMP or Ip3. A change in both intensity and 
colour enabled CAMP or Ip3 to be measured in cell 
extracts ot in living cells. Using an image intensifiej: 
a CAMP or Ip3 "cloud" could be visualised in this one 
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cell. Similarly the aequorin or lucif erase could b 
seen within the ER or a mitochondrion if it was first 
made with an ER or mitochondrial signal attached to it 
(+KDEL) at the C terminus. 

It will be appreciated that the bioluminescent 
protein may be synthesised from amino acid sequences 
or using DNA or RNA synthesis techniques, instead of 
by modification of a protein produced by an organism. 
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CLAIMS 

1. A bioluminescent prote^ capable of taking part in 
a bioluminescent reaction to produce light or radiation of 
altered characteristics under different physical, chemical, 
biochemical or biological conditions. 

2. A bioluminescent protein according to Claim 1, 
wherein said altered characteristics include one or more of 
colour, polarization state, intensity. 

3- A bioluminescent*' protein according to Claim 1 of 2, 
produced by modification of a bioluminescent protein 
precursor. 

4- A Mpluminescent protein according to Claim 3, 
wherein said modification includes the alteration, substitu- 
tion, addition or removal of one or more amino acids at the 

15 N or C terminus or within the protein. 

5. A bioluminescent protein according to any preceding 
claim, responsive to binding or association of the protein 
with a substance of interest to produce light or radiation 
of altered characteristics when said bioluminescent reaction 

20 is initiated. 

6. A bioluminescent protein according to any of Claims 
1 to 4, responsive to covalent or other modification of the 
protein to produce light or radiation of altered charac- 
teristics when said bioluminescent reaction is initiated. 

25 1 7. A bioluminescent protein according to any of Claims 
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1 to 4, responsive to the kinetic products of the cellular 
reaction, to produce light or radiation of altered 
characteristics when said bioluminescent reaction is 
initiated . 

^ 2 • A biolxaminescent protein according to any preceding 

claim, including a signal peptide or binding site to target 
the protein to a particular site within or outside the cell. 

9. A bioluminescent protein according to any of Claims 
3 to 8, wherein said modification is by chemical means. 

10. A bioluminescent protein according to any of 
Claims 3 to 8, modified by genetic engineering and made iri 
vitro by in vitro transcription/translation or made in 
bacteria or archeabacteria, cyanobacteria, blue-green algae, 
protozoa, fungi, yeast, invert ebr at e_ or mammalian or plant 

15 cells following transformation or transfection in a suitable 
such;::;as--plasmid, bacteriophage, virus, DNA, genomic 
DNA or mRNA. 

11. A method of producing a bioluminescent protein 
according to any preceding claim, by altering, substituting 

20 adding or deleting one or more amino acids to the protein 
by chemical means or by genetically engineering the nucleic 
acid coding for the protein or a degenerate version thereof. 

12. Nucleic acid coding for the bioltiminescent protein 
as claimed in any preceding claim or functionally equivalent 

25 degenerates thereof. 

13. A DNA sequence according to Claim 12, including 
promoter or enhancer sequences specific to the tissue or 
substance of interest, whereby the sequence may act as i- 
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reporter gene. 

14- A nucleic acid according to Claim 12 or 14, 
including a sequence coding for one or more substances for 
producing luciferin or a similar molecule capable of 
5 emitting light or radiation. 

15. The use of a bioluminescent protein according to 
any of Claims 1 to 10 for the detection, location, measure- - 
ment or visualization of substances within or outside 
microbes, whole tissues, whole organisms, cells or 

10 biological molecules. 

16. A method of detecting mutations or detections in 
a DNA sequence includes linking a bioluminescent protein 
according to any of Claims 1 to 10 to one end of the 
sequence and an energy transfer acceptor or quencher to the 

15 other end. 




SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 

tnUrnational Apolfcation No 



PCT/GB 90/01131 



I. CLASSIFICATION OF SUBJECT MATTER (-1 so*e'a< cla«strt c3t>oo sympols apply, indtcatt alt) * 

According to Iniernational Patent Classification (IPC) or to both National Classification and IPC 

5 C 07 D 13/00, C 07 K 15/08, C 12 N 15/12, C 12 Q 1/56, 
' C 12 O 1/68, G 01 N 33/542 

II. FIELDS SEARCHED 



IPC" 



Minimum Documentation Searched ^ 



Classification System 



Classification Symbols 



IPC" 



C 07 K, C 12 N, C 12 Q, G 01 N 



Documentation Searched other than Minimum Oocumentatton 
to the Extent that such Documents art Included (n the Fields Searched • 



III. DOCUMENTS CONSIDERED TO BE RELEVANT' 



Category • . 



Citation of Document, with indtcatton, where appropriate, of the relevant passages 



t Relevant to Claim No 



X Proc. Natl. Acad. Sci. USA, volume 83, no, 21, 3-14 
November 198 6 

F,I, Tsuji et al.: "Site-specific 
mutagenesis of the calcium-binding 
. photoprotein aequorin" , pages 8107-8111 
see the whole article 



X Proc. Natl. Acad. Sci. USA, volume 86, no. 
January 1989 

K. Kurose et al. : "Bioluminescence of 
the Ca2+-binding photoprotein aequorin 
! after cysteine modification" 
see the whole article 



1, 3-14 



Chemical Abstracts, volume 104, no. 17, 
28 April 1986, (Columbus, Ohio, US), 
S.C. Alter et al.: "The sulfhydryls of 
firefly luciferase are not essential 
for activity" 

see pages 301-302, abstract no. 144584g 
& Biochemistry 1986, 25(7) 1599-605 



3-14 



* Spacial categories of cited documanta: *o 

"A" document defining the ganaral stat* ol lha »n which is not 

considered to be of particular relevance 
"E" earlier document but published on of after tha mtarnationat 

filing date 

"L" documant which may throw doubts on pnerttv ciaim(s) or 
which IB cited to establish the publication data ol another 
citation Of other special reason (as soactfiad) 

"O** documant rafafrmg to mn oral disclosure, use. exhtbition or 
other means 

•*P" documant published prior to tha intarnational tiling data but 
latar than the priority date claimed 



"T** later document publiahed attar the International filing date 
or priority date and not m conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

**X*' document of particular relevance; the claimed invention 
cannot be conaidared novel or cannot be considered to 
involve an inventive atep 

**Y" document of particular relevance: the claimed invention 
cannot be conaioered to involve an inventive step when the 
document is combined with one or more other such docu* 
ments. auch combination being obvious to a person sltiKed 
in the an. 

document member ot the same patent family 



IV. CERTIFICATION 



Date of the Actual Completion ot the tntarnational Search 

28th October 1990 



Date of Mailing of this International Search Report 

\ 4 NOV 1990 



International Searching Authority 

EUROPEAN PATENT OFFICE 



Signature of Authorized OfTlcer 

Mmo N. KUIPER 



Form PCT/ISA/310 ^second sheet) (Jenuary 1985} 



Inttrnational AoDiication No PCT/GB 90/01131 



1 1 1 



DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET) 



Category • 



Citation of Document. ^* with indication, whara aoDrooriaie. of tha rtitvant oatsagaa 



Rtiavant to Claim No. 



X 



X 



Chemical Abstracts, volume 83, 1975, 
(Columbus, Ohio, US), 

T.W, Cline et al. : "Mutated luciferases 
with altered bioluminescence emission 
spectra" 

see page 253, abstract no . 160401y 
& J. Biol. Chem. 1974, 249(14), 
4668-9 

Chemical Abstracts, volume 76, no. 1, 

3 January 1972, (Columbus, Ohio, US)/ 
E.A. Meighen et al.: "Hybridization 

of bacterial lucif erase with a variant 
produced by chemical modification" 
see page 131, abstract no. 1279d 
Sc Bio Chemistry 1971, 101(22), 
4062-8 

Chemical Abstracts, volume 112, no. 23, 

4 June 1990, (Columbus, Ohio, US)/ 
W.H.R. Langridge et al. : "Use of low 
light image microscopy to monitor 
genetically engineered bacterial 
luciferase gene expression in living 
cells and gene activation throughout 
the development of a transgenic 
organism" 

see pages 295-296, abstract no. 213228y 
& Proc. SPIE-Int. Soc. Opt. 1089, 
1161 (New Methods Microsc. Low light 
Imaging), 216-29 



3-16 



3-1. 



A lEP, A, 0137515 (UNIVERSITY OF GEORGIA 
, RESEARCH FOUNDATION, INC.) 

: 17 April 1985 
' see the whole document 

A IeP, a, 010 3 469 (UNIVERSITY OF WALES) 
1 21 March 1984 
; see . the whole document 

P,X; Chemical Abstracts, vol. 113, no. 3, 

16 July 1990, (Columbus, Ohio, US), 
T. M. Jenkins et al,. : "Measurement 
of protein phosphorylation by 
covalent modidication of firefly 
luciferase" 

see page 315, abstract no. 20373d 
£t Biochem. Soc. Trans. 1990, 18(3), 
463-4 



3-16 



3-15 



3-16 



Form PCT/ISA 210(extra sheet) (January 198S) 



Internat.onal AoDi-cation No. PCT/GB 90/01131 



FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET 



V. y OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE • 

This international search report has not been established in respect of certain claims under Article 17(2) <tt) for the following reasoris: 
1. " j Claim numbers because they relate to subject matter not required to be searched by this AuthorltY, namely: 



. fXl Claim numbers 1..^. 2. because they relate to parts of the international apgllcation that do not comply with the prescribed require- 
ments to such an extent that no meaninofixl international search can be carried out. sp«ctf(c«liy : 

The wording of claims 1 and 2 is not sufficient to 
characterise the subject matter for which protection is sought 
(see Art- 6 and Rule 6 PCT) 



3j I Claim numbers becauM they are 0©p©fK5eni claims ano are r>ot dratted in accoroance witn tr>e tecorto and mird »ent»nc«s of 

PCT Rule 6.4{B)- 



Vl.[^ OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 



This International Searchlno Airthorlty found multiple Inventions In this International application aa follows: 



t. j I As alt required additional aearch fees were timely paid by the applicant, thia International aearch report covert all searchable claims 
of the Internattonal application. 

2.\ I As only some of the reauired additional search feea were timely paid by the applicant, this International aearch report covera only 
those claims of the iruernational application for which feea were paid, apecincally claima: 



3.1 I No required additional aearch fees were timely oaid by the applicant. Consequentlyt this Internattonal aearch report is restricted to 
the Invention first mentioned In the claims: It is covered by ctatm numbers: 



4.j t As ell searchable claims could be searched without effort justifying en additional lee. the International Searching Authority did not 
invite payment of any additional tee. 

Remark on Protest 

[ I The additional search fees were accompanied by apoiicant'a proteat 

I I No protest accompanied the payment of additional aearch fees. 



Form PCT/ISA/210 (supplemental aheet (2)) (January t985> 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERfs'ATIONAL PATENT APPLICATION NO. qB 9001131 

SA 38901 

This annex lists the patent family members relating to the patent documents cited in the above-mentioned international search report. 
The members are as contained in the European Hatent OfHcc EDP file on 06/1 1/90 

The European Patent Office is in no way liable for these particulars which arc merely given for the purpose of information. 



Patent document 
cited in search report 


Publication 
date 


Patent family 
membcr(S) 


Publication 
1 date 


EP-A- 0137515 


17-04-85 


AU-B- 
AU-A- 
CA-A- 
JP-A- 


590511 
3420384 
1234756 
61022254 


09-11-89 
18-04-85 
05-04-88 
30-01-85 


EP-A- 0103469 


21-03-84 


GB-A,B 
US-A- 


2129553 
4761382 


16-05-84 
02-08-88 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. QB 9001131 

SA 38901 

This annex lists the patent family members relating t» the patent documcnu cited in the above-mentioned international search report. 
The members are as contained in the Luropean Patent Office EOV file on t>6/n/o*> 

The huropean Patent Office is in no way hable for these particulars which are merely given for the purpose of information. 



Patent document 
cited in search report 



Publication 
date 



Patent famiU 
memhcr(S> 



Publication 
date 



EP-A- 0137515 


17-04-85 


AU-B- 


590511 


09-11-89 






AU-A- 


3420384 


18-04-85 






CA-A- 


1234756 


05-04-88 






JP-A- 


61022254 


30-01-86 


EP-A- 0103469 


21-03-84 


GB-A,B 


2129553 


16-05-84 






US-A- 


4761382 


02-08-88 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/8Z 



Int.rnat.onat Aoot'CSt.on No. PCT/GB 90/01131 



FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET 



V _^ OSSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE * 

Th'S tnternation«l »««rch rtDon hat not been •ttftbW«ned rn r«tp*ct of cvrlatn ctaima untf*r Artict* (a) tor tha foMowing raaaort 

1. • Claim numbart . bacaua* thtv lalata to auOttct manar not fQutfO 10 b« ftaarchad by thia AuthoritY. namaty: 



g.rXl Claim numbtrt 2. bacautt thay ralaia to D«rit of tho intarnatlonal aooDcalion that do not comply with tha prctcnbad raoutre- 
manti to such an antnt that no maanmoful mtarnational saarcn can ba carrlad out. ao*ctt)C«Hy 

The wording of claims 1 and 2 is not sufficient to 
characterise the subject matter for which protection is sought 
(see Art. 6 and Rule 6 PCT) 



3Q nombf^ b«cauM tn«y v d«p«nd«nt cUtmt and ar* not orattad m aocoroanoa wiW tha aMnd and tmrd •#nianc«a o* 

PCT Ruia6 4<a». 

VI G OBSERVATIONS WHERE UNI TY OF INVENTIOM IS LACKING ' 

ThiB Intarnational Soarchlng Authority found multtpla invant^ona In thia Inlarnatienal application as tollowra: 



t. 1 A a all raquirad additional aaarch w«ra ttmaly paid by tha applicant, thia intarnatlonal aaarch raport cevara all aaarchabia claim* 
of tha Inlarnalional application. 

2^ i A a only aoma of tha t^Qvifd additional aaarch laaa wara timaly paid by tha applicant, thia Intarnalional aaarch raporl covara only 
thoaa ctaima of tha internaltonal application for which faaa wara paid, apaclfically claima: 

3.r~| No raquirad additional aaarch faaa wara timaty paid by tha applicant. Conaaauantly. thia Intarnatlonal aaarch raport la raatrictad to 
tha invaniion firat manttonad in tna claima; ti la eovarad by claim numpara: 

4.1 j A a all aaarchabia claima could ba aaarchad without affort »ualtfyino an additional laa. tha Intarnational Saarchmg Authority d»d not 
— invito paymant ot any additional laa. 

Ramark on Protatt 

I I Tha additional aaarch faaa wara accompaniad by appllcant'a protaat 

n No protaat accompaniad tha paymant ot additional aaarch faaa. 



Form PCT/lSA/210 (aupplamantai anaat (2)) iJtnvry IMS) 



Inurnattonal AoDi'Cation No PCT / G3 90/011 



III. DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET) 



CaUQOfy * 



Citatton of Documani. with indication. wh«ra aDDroonatir. of trt« r«iovant oaaaaoa* 



R»(ovani 10 Ctatm Nc 



X Chemical Abstracts, volume 83, 1975, 
; (Columbus, Ohio, US), 

T*W. Cline et al.: "Mutated iuciferases 
with altered bioluminescence emission 
spectra" 

see page 253, abstract no.l60401v 
& J. Biol. Chem. 1974, 249(14), 
4668-9 



3-16 



X 



Chemical Abstracts, volume 76, no. 1, 

3 January 1972, (Columbus, Ohio, US). 
E,A- Meighen et al. : "Hybridisation 
of:;;;bacterial luciferase with a variant 
produced by chemical modification" 
see page 131, abstract no. 1279d 
& Bio Chemistry 1971, 101(22), 
4062-8 



I 



112 , no . 23 , 
Ohio, US)/ 
: "Use of low 
to monitor 
bacterial 



Chemical Abstracts, volume 
4 June 1990, (Columbus, 
W.H.R. Langridge et al. 
light image microscopy 
genetically engineered 
luciferase gene expression in living 
cells and gene activation throughout 
the development of a transgenic 
organism" 

see pages 295-296, abstract no. 213228-/ 
& Proc. SPIE-Int. Soc. Opt. 1089, 
1161 (New Methods Microsc. Low light 
Imaging), 216-29 



14 



:> - 1 D 



lEP, A, 0137515 (UNIVERSITY OF GEORGIA 
RESEARCH FOUNDATION, INC. ) 
17 .April 1985 
see the whole document 

EP, A, 0103469 (UNIVERSITY OF WALES) 
I 21 March 1984 

see the whole document 

, X Chemical Abstracts, vol. 113, no. 3.. 

le-July 1990, (Columbus, Ohio, US), 
! T. M. Jenkins et al.: "Measurement 
I of protein phosphorylation by 
; covalent modidication of firefly 
luciferase" 

see page 315, abstract no. 20373d 
& Biochem. Soc. Trans. 1990, 18(3), 
463-4 



3-16 



3-16 



3-16 



Form PCT/ISA 2IO(extra she«t) (January I9BS) 



REVlSt:!) 
VERSION 



INTERNATIONAL SEARCH REPORT 



Intftrnational Aoolicstion No 

I. CLASSIFICATION or SUBJCCT MATTER („ c.«,».f.c..,a« .ymooi, »oir ,^o.c»u .M) ' 

Acco/omo (o inrornAitoriAi Patent r iA*ft.r.<-...«. .ta^x ... . 



PCT/G3 90/01131 



Acco,omo »o mrorn.non*. Pittn. Cia.t,n«„on (IPC) or to ootn N.t.onal a«,.r.«t.on .nd iPC 

5. C 07 ^< 13/00 C 07 K 15/08, C 12 N 15/12, C 
C 12 O l/68r G 01 M 33/542 



12 Q 1/65 , 



II. FIELDS SKARCHEO 



Minimum Oocumentadon S«arcn«o ' 



Clasnricfttion Syslvn 



Ctattincatton Symoolt 



0/ K, C 12 N, C 12 g, G 01 N 



Oocumontfttioft S««fcn«d othor than Mtntmum Oocumantatton 
to the Extant mat tucn Oocum«nta ar» tnelud»d In th* Fiatot Saarcnad * 



III. DOCOMCHTS COMSIOIRED TO »I WEHVAWT* 
Catapofy * } Citation o< Ooeumant. " ^itn tndicatton, wft«f« aoofopnaia. oi tna fala»ani oaaaagat ! Raiavtnt to Claim No, 

X ?roc. Marl. Acad. 5ci. USA, voiunie 3 3, r.o. I' 3-*- 
November 1986 

F.I. Tsuji ez al.: "Site-specific 
mutagenesis of the calcium-binding 
photoprocein aequorin" , pages 8107-3111 
see the whole article 

X Proc. Natl. Acad. Sci. USA, volume 86, no. 1, 3-^4 
January 1989 

K. Kurose et al,: "Bioluminescence of 
the Ca^'^-binding photoproteia aequorin 
after cysteine modification" 
see the whole article 



Chemical Abstracts, volume 104, no. 17, 3-iJ 
28 April 1986, (Columbus, Ohio, US), 
S.C. Alter et ai.: "The sulfhydryls of 
firefly luciferase are not essential 
for activity" 

see pages 301-302, abstract no. i44584c 
Sc Biochemistry 1986 , 25(7) 1599-605 



* Soacial catagortaa of cita« documama: 

"A" documont da/inino tha oanaral atata of tna art which la not 
conaidarod to ba of particutar ralavanca 

aaritar docunnant but publiaha^ on or aflar tha imarnational 
filing data 

"L" documoni wh«ch may throw doubts on onontv etaimta) or 
whtch It ciiad to aatabiian tha ouoiication oata of anothor 
Citation or omor apacial raaaon (aa aoacifiao) 

"O" documani fimftinQ to an oral disclotura. waa. athibitton or 
othar maa ns 

"P" documant oublithad prior to lha intarnational fitifto dat* but 
latar than tha orienty data cia^mad 



documant oubliahad altar (ha mtarnatiortal filing data : 
or ortoriiy data and not m conflict with tna aooticacion but 
ciiad to wnoarstand tha ormoota or tnaory unoartying tna 
•nvantioft 

*X" documant of particutar ratavanca: tha cla»mad tnvanttony 
cannot ba considarad nova! or cannot oa conaioaratf tof^ 
involva an mvantiva ttap 

"Y** documant of particular r«(oytnca: tha eiatma<i mvaniton 
cannot ba cenaiaarad le mwoiva an mvantiva ttao wnon tna = 
documant la comotnod with ona or mora othar tucn docu* i 
monta, auch comeinatton bamg oovtoua to a paraon ataiad ' 
in tha art. 

doeumarvt mambor of tha aama patant family 



IV. CKMTtftCATION 



Oata of tha Actual Compiatlon of tha Intarnational Saarch 

2ath October 1990 



Data of Mailing of thit intarnational Saarch Aaoort 

i NOV 1930 



Intarnational Saarchtng Authority 

iUHOPEAN PATENT OFFICE 



Signatura of Autnorix»d OfRcar 

Mme N. KUIPER 



Form PCTnSA/210 U«cond •n*«t| panwary »9e5| 



REVISED 
VERSION • 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) IntcniatioBal Patent Qassification ^ 
O07K 13/00, COTK 15/08 
C12N 15/12, C12Q 1/66, 1/68 
GOIN 33/542 



Al 



(II) Interoational Publication Number : WO 91/01 305 

(43) International Publication Date: 7 February 1991 (07.02.91) 



(21) International Application Number: PCT/GB90/01 131 

(22) International Filing Date: 23 July 1990 (23.07.90) 



(30) Prioritv data : 

8916806.6 



22 July 1989(22.07.89) 



GB 



(71) Applicant {for all designated States except US): UNIVERSI- 

TY OF WALES COLLEGE OF MEDICINE [GB/GB|; 
Heath Park, Cardiff CF4 4XN (GB). 

(72) Inventor; and 

(75) inventor/ Applicant (for US only) : CAMPBELL, Anthony, 
Keith [GB/GBl; 14 Maillard's Haven, Penarth, S. Glam- 
organ CF6 2RF(GB). 

(74) Agents: NEWELL, William, Joseph et al.; Wynne- Jones, 
Laine & James, Morgan Arcade Chambers, 33 St. Mary 
Street, Cardiff CFI 2AB (GB). 



(81) Designated States: AT, AT (European patent), A U, BB, BE 
(European patent), BF (OAPI patent), BG, BJ (OAPI 
patent), BR, CA, CF (OAPI patent), CG (OAPI patent), 
CH, CH (European patent), CM (OAPI patent), DE*, 
DE (European patent)*, DK, DK (European patent), 
ES, ES (European patent), Fl, FR (European patent), 
GA (OAPI patent). GB, GB (European patent), HU, IT 
(European patent), JP, KP, KR, LK, LU, LU (European 
patent), MC, MG, ML (OAPI patent), MR (OAPI pa- 
tent), MW, NL, NL (European patent), NO. ROJ SD, 
SE, SE (European patent), SN (OAPI patent), SU, TD 
(OAPI patent), TG (OAPI patent), US. 



With a revised v^ersion of the international search report. 



(8S) Date of publication of the revised version of Ibe 
InternAtional search report: 

15 October IMQ2 ( 15 10 92) 



(54) rule: MODIFIED BIOLUMINESCENT PROTEINS AND THEIR USE 



(57) Abstract 

A modified bioluminescent protein responds to different physical, chemical, biochemical or biological conditions (o pro- 
duce light or radiation of altered characteristics when the bioluminescent reaction is initiated. The modified bioluminescent pro- 
tein may respond to modification thereof, e.g. by covalent modification. The protein may include signal peptides to "target" it. 
DNA coding for the bioluminescent protein may be altered to include tissue specific promoter or enhancer genes so that the al- 
tered DNA acts as reporter gene. 



. . P 

* See back of page CRcfcrrcU u> in KT G^ttc No. 2b/i<m. Seciioo ii> I 



FOR THE FUnrOSES OF INFOMMATION ONLY 



Cotles used to iUcntify Suioi party lo the PCT on the from of pamphleu publishinft international 

applications under the PCT. 



AT 


. Au>tri4i 


ts 




MC 




AU 


A«i»l/i«lMI 


ri 


Finlaml 


ML 


Mali 


»• 




n 




MM 




•C 




CA 




MB 


MnuriuAin 


•r 


Burkina Fu»o 


CB 


UniUMl KinyioM 


MW 


Malawi 


•c 




CM 


Cwinva 


NL 


NcifM:rUiidi 


•i 


Benin 


CK 


CruuBs 


NO 


Norway 


•ft 


Brttfil 


HU 




PI. 


CA 




rr 


tuly 


BO 


Romania 


cr 


iUuiXrm\ AffK^tn fIvpuMic 




JapM 


SO 


Suilaa 


oc 


Cong0 




DMMcrMic PttoplK*! Republic 


SB 




CM 






oTKonia 


SN 


Sttncnal 


a 


t^Ate il'tvotfv 


KB 


Hspublw of Kofu 


$U* 


Sovies UoiOA 


CM 




U 


tjlwIlllMmttMl 


TO 




CI 


CusKhoBAovai u 


U( 


airi L4n4« 


TC 


Tofo 


DC* 


Germany 


LU 




US 


UAHad Suua of ^mat'mM 


OK 


DvniRMrk 


MC 









^ Any designatkHi of ^^U** has effect In the Rimlon Federation. 11 to not yet known whether 
any such designation has effect in other States of the former Soviet Union. 



